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（1） 通过恒电位方法制备出 Fe 纳米粒子，经 SEM、TEM 表征确认，其
表面是由{100}晶面围成的立方体。 
（2） 用电荷置换技术，用 Pt 盐置换 Fe 立方体表面的 Fe 原子，制备出 PtFe
纳米粒子。研究发现，置换时间的不同，制备所得到纳米粒子的组分亦不同；刚
开始置换时反应速度较快，随着置换时间的增加，其速度逐渐减缓。EDS 数据
表明，Pt、Fe 原子比维持在 3：1 到 4：1。SEM 和 TEM 的表征得知，PtFe 催化
剂虽保持立方体形貌，但其表面较为粗糙，即由粒径不一的纳米颗粒组成。CV
表征可知，PtFe 催化剂具有与 Pt 类似的电化学特征。 
（3） PtFe 催化剂对 CO 吸附氧化的实验结果表明，所制备的 PtFe 纳米粒
子具有优越的抗 CO 毒化性能。与商业 Pt/C 催化剂相比，COad 氧化峰电位提前
0.1 V。可归结于 PtFe 之间的电子效应减弱了 COad 物种与 Pt 之间的相互作用力。 
（4） 甲酸电氧化研究结果表明，PtFe 催化剂可使 CO 在较低电位区间发生
氧化，表现出比商业 Pt/C 具有更高的电催化活性。在 0.61V（vs. SCE）时，置
换 2min 制得的 PtFe-2min 催化剂的电流密度是商业 Pt/C 的 2.6 倍。通过电位阶
跃实验，PtFe 催化剂还表现出更好的稳定性。在 0.75 mA cm-2 电流密度下，对应
PtFe-2min 与商业 Pt/C 的电位分别为 0.24 V 和 0.4 V ，前者的电位较之后者提
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（5） 在氧还原研究中比较了 PtFe-2min 和商业 Pt/C 催化剂的催化活性。结
果表明，在碱性介质中，控制电极电位为 0.90 V（vs. RHE）时，PtFe-2min 催化
剂的电流密度是商业 Pt/C 的 5.1 倍。即 PtFe-2min 表现出较高的催化活性。 
（6） 用电化学电位阶跃技术（CA），在 GC 基底上制备出 Fe3O4纳米粒子
电催化剂。SEM 和 TEM 表面形貌观察指出，所制得的 Fe3O4 纳米粒子呈片状结
构，分布较均匀，片的厚度约为 10nm。选区电子衍射（SAED）观察到的衍射
花样呈环状，表明片状结构的 Fe3O4 为多晶。研究表明，所制得的 Fe3O4具有类
似天然过氧化物酶活性。对 H2O2 的还原过程具有很好的电催化性能，也即具有
很好的检测灵敏度。结果求得其 低检测限为 5×10-5 M (S/N=3)，线性范围为
4×10-4 M - 7×10-2 M。 
    本论文所制备的PtFe纳米催化剂不仅可以降低Pt的用量，而且还能显著提高
催化剂的电催化活性以及稳定性。所制备的Fe3O4纳米片对H2O2的还原过程具有
较高的检测灵敏度，可作为过氧化物传感器。 


















Electrodeposition (ED) is solution processing method that makes 
electrocrystallization of metal and their oxidation from solution. The reaction occurs on 
interfaces between solid and solution to produce a wide range of well-defined crystallines. 
Because of the low processing temperatures (often near room temperature) and 
inexpensive and relatively simple operation, the technique is ideal for producing 
nanostructured materials and interfaces. Especially, the shape and orientation can be 
tuned by controlling the pH or through solution additives or by the departure from 
equilibrium that can be precisely controlled through the applied potential.  
This paper attempts to synthesis Fe and PtFe nanocatalysts through 
chronoamoerometry (CA) and galvanic replacement reaction, to sufficiently study the 
electrooxidation of formic acid in 0.1 M HClO4 solution and oxygen reduction reaction 
(ORR). In addition, the nanosheets Fe3O4 catalysts were synthesized through CA as 
chemical sensor to detect the reduction of H2O2. The main results are as following: 
(1) Fe nanoparticles were prepared by electrochemical deposition on glassy carbon 
electrode. The structure of the Fe nanocrastalline was characterized by scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM). The results showed 
that the Fe nanocrastalline was nanocube and enclosed by {100} planes.  
(2) Bimetallic PtFe nanocatalysts were prepared by galvanic replacement reaction 
from Fe nanocube. We found that the time of replacement reaction significantly effected 
the composition of PtFe nanocatalysts. At the beginning, the reaction was quickly and 
sufficiently and then became slowly after 2min. The energy dispersive X-ray 
spectroscopy (EDX) data showed that the ratio of Pt and Fe kept a constant level between 
3:1 and 4:1. Though the shape of PtFe still presented general nanocube, their surface 
were enclosed by through nanoparticles with diameter ca. 5nm. Pt-like profile was 
observed in cyclic voltammetry (CV). 
(3) The prepared PtFe nanocatalysts demonstrated enhanced CO tolerance in the 
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positive-shift about 100 mV than that of commercial Pt/C. The enhancement was mainly 
contributed to the electronic effect between Pt and Fe which facilitated the weak 
adsorption of COad. 
(4) The enhancement of CO tolerance promotes the oxidation of CO under low 
potential which facilitated the electrooxidation of formic acid with high catalytic activity. 
The results illustrated that the current destiny of PtFe-2min nanocatalyst was 2.6 times 
than that of commercial Pt/C catalyst at 0.61 V (vs. SCE). Under the same current destiny 
(0.75 mA cm-2), the oxidation potentials of PtFe-2min and Pt/C were 0.24 V and 0.4 V 
(vs. SCE) respectively.  
(5) In compared with commercial Pt/C catalyst, the PtFe-2min catalyst shows 
enhanced ORR activity in alkaline solution. At the study potential 0.90 V (vs. RHE), the 
special activity of PtFe-2min catalyst was 5.1 times than that of Pt/C. 
(6) The nanostructured Fe3O4 was electrodeposited on glassy carbon (GC) electrode 
by chronoamperometry (CA) in alkaline solution. The prepared nanostructured Fe3O4 
was characterized by scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM). The results showed that the nanocrystalline Fe3O4 was composed of 
nanosheets, and the thickness of nanosheets was about 10nm. The selected area electron 
diffraction (SAED) patterns displayed the polycrystalline Fe3O4. The prepared Fe3O4 
possess enzyme mimetic activity which is similar to that of natural peroxidese. Therefore, 
an electrochemical sensor with the nanosheets Fe3O4 was fabricated to detect the 
reduction of H2O2. The sensor exhibited excellent electrochemical sensitivity with a 
detection limit 5×10-5 M (S/N=3) and the linear range was 4×10-4 M- 7×10-2 M. 
The PtFe nanocatalysts not only drastically decreased the loading of noble metal Pt 
but also enhanced the electrocatalytic activity and stability. The prepared Fe3O4 
nanosheets presenteded high sensitivity and linear range for the detection of H2O2 as an 
oxidation sensor. 
 
Keywords: electrodeposition; PtFe catalysts; electrooxidation of formic acid; oxygen 






































               η=U- EΘ< 0                                  （1-1） 
其中，η为过电势。当施加电势后，溶液中的金属离子（Mz+）按如下反应进行 
Mz+ + ze- → M                                （1-2） 





















Fig. 1.1 Sketch of the electrochemical cell connected to a potentiostat a); the principle of metal 
electrodeposition b). 
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